Abstract-This paper reports on the utilization of Shape Memory Alloy (SMA) wire as a conductive element in coresheath friction yarn. The yarns were spun using DREF 3000 spinning machine. The yarn consisted of three layers with the SMA wire at the core and 100% cotton fibers at the second layer and as the sheath producing a yarn called SMA Friction Spun Yarn (SMA FSY). Three different core-sheath ratios and spinning drum speeds were used in the spinning process. The objectives were to compare the SMA FSY yarn tensile properties and to understand the influence of the machine process parameters towards the actuating performance under stress-free condition. Results showed that the SMA FSY with 60% core and highest spinning drum speed gave better tensile strength. Additionally, this yarn also gave the fastest initiating deformation below 100 seconds. It can be concluded that the changes in the machine process parameters influenced the tensile and actuating performance of SMA FSY.
I. INTRODUCTION
The introduction of conductive and advanced materials into textile substrates for the purpose of smart and wearable computing textile application is growing rapidly since early 1990's [1] . This category of textiles is now called electronic textiles or smart textiles. Smart textiles make it possible for textiles to be electrically conductive, as electromagnetic sheilding (for human and electronic device health purpose), doing automatic sensing (the change of environment temperature or human body temperature, pressure, and presence of reactive chemical) and become actuators due to the signal obtained from the sensor. These are some properties of smart textiles that provide benefits in wide area of applications such as medical, defence, civil engineering and interactive fashionable textile [2] [3] [4] [5] .
The conductive textile materials can be produced from many methods. Among others, coating and lamination of conducting layers onto the fabric surface, ionic plating, vacuum metallization and addition of conductive filler to the insulating material [6] . One other possible method is by incorporating conductive materials within the yarn structure and the technology available in achieving this is the DREF spinning system.
Imparting the conductive materials into the core-sheath friction yarn have received much attention among researchers [7] [8] [9] [10] [11] . Some researchers [7] [8] [9] reported on the production of conductive core friction yarn by utilizing stainless steel and copper in the form of wire or filaments as the core into the core-sheath friction yarn for the purpose of electrically conductive yarn and electromagnetic sheilding effectiveness. In another study [10] , Kumar et. al reported on the development of signal transferring fabric by utilizing plastic optical fiber as a core in the core-sheath friction yarn. Another study by Hassan et. al [11] reported on the electro-mechanical properties of the developed conductive core yarn by utilizing carbon filaments as the core. Some of the work above utilizes the DREF spinning machine to produce conductive coresheath friction yarns. This paper presents the production of SMA FSY using DREF 3000 spinning system with different process parameters. Comparison of the tensile properties and the actuating performance of the SMA FSY were made and reported.
II. MATERIALS
In the study, SMA Actuator Wire (Type M), manufactured by MEMRY GMBH, with a diameter of 0.175 mm, tensile strength of 17.513 cN/Tex and a linear density of 130 Tex (linear density after anneal) was used as the conductive core material. The wire was prepared in spiral form (spirally annealed). Slivers of 100% cotton fibers were used as a core and sheath. In addition, 100% cotton spun yarn with 8.810 cN/Tex tensile strength and 28 Tex linear density was used to assist spinning of the SMA wire.
III. METHODOLOGY

A. SMA FSY production
Three cotton carded slivers of size 5.0 kTex each were fed in the second drafting unit while a cotton carded sliver of 4.0 kTex in size was fed through the first drafting unit as core sliver. The schematic of the DREF 3000 spinning unit is shown in Fig.1 . The SMA wire was placed on the first drafting unit together with the core sliver. The spinning process was done using several process parameters as shown in Table 1 . 978-1-4673-0426-9/12/$31.00 ©2012 IEEE 
B. Tensile strength test
The tensile strength test was conducted in accordance to EN ISO 2062 standard. The test speed and pre-tension were 25 mm/min and 0.50 N respectively. The gauge distance was set at 30 cm. The specimens to be tested were cut into 50 cm length each. Five samples for each process parameters were tested and the average results were recorded.
C. Actuating performance test
The test was conducted under stress-free condition in a Memmert vacuum oven with glass window lead used as a temperature supplier to actuate the yarn. The stress-free condition refers to sample that are tested without applying any load on it. This was done to understand the effect of the different sheath ratio on the SMA actuator wire from several machine process parameters of the DREF 3000 spinning system. Before the spinning process takes place, the SMA actuator wire was set into a spiral shape through an annealing process. A spiral shape was selected as it is easier to demonstrate the actuating performance more clearly. The wire was firstly wound on a stainless steel fixture before heating in a furnace for 15 minutes at 550˚C. The wire was then immediately immersed into quenched water at room temperature to make set the shape. The SMA FSY test specimen yarn was cut into a straight 20 cm length each and placed in the oven. The temperature in the vacuum oven was applied constantly at 130˚C. The difference in the time taken for the yarn to start and stop actuating (the yarn transforming from a straight yarn into a predetermined spiral shape) was recorded. Five samples for each process parameters were tested. The behaviour of the yarn during actuating was also observed.
IV. RESULTS AND DISCUSSION
A. SMA FSY tensile strength
Yarn samples from the three spinning drum speeds showed an increase in tensile performance with respect to the different core-sheath ratio (refer to Fig. 2a, 2b and 2c) . From all of the parameters, the 60-40 core-sheath ratio gave the highest tensile performance. This may be due to the increase in the portion of the core. The total strength of the SMA FSY was mainly contributed by the core component since the wire has more strength in comparison with the sheath materials. In comparisons with the individual components of the yarn, the strength of the SMA FSY is 50% lesser than the wire. The yarns with 40-60 and 50-50 core sheath ratio have more volume of sheath fibres and tend to be more bulky and thus less hold-ability with the core.
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B. SMA FSY actuating performance
The SMA FSY succesfully actuated itself in the oven and deformed from a straight yarn into the preset annealed spiral shape (see Fig. 3a. and 3b. ). The changes in the spinning drum speed was reflected in the actuating performance of the SMA FSY. As can be seen in Fig. 4 , as the spinning drum speed increases, the time of actuation decreases with respect to different core-sheath ratio. The yarns produced with the highest spinning drum speed (4400 rpm) only took a few seconds to deform into the annealed spiral shape while yarns produced at the lowest spinning drum speeds took more than 100 seconds until actuation completed. This may be due to several factors such as twist imparted to the yarn, yarn stiffness, yarn bulkiness, hold-ability between the sheath and core material and the temperature received for actuating. The increased in spinning drum speed increased the twist given to the yarn and thus increased yarn stiffness. The fibers in a higher twisted yarn hold to each other much better and hence when the wire is placed at the core, there is better friction or hold-ability among the fibers. This makes the wire to be very closed with the fibers. The temperature will be transferred more quickly to the wire inside the yarn as there is lesser gap between them. This probably reduced the wire to achieve the temperature. Fig. 5a and 5b show the cross-section of SMA FSY produced from 3000 rpm and 4400 rpm spinning drum speeds at 50-50 core-sheath ratio and the image was taken under Field Emission Scanning Electron Microscopy (FESEM). 
CONCLUSION
The SMA FSY was produced using the DREF 3000 spinning system with different core-sheath ratios and spinning drum speeds. The tensile strength of as well as the actuating performance of the yarns were established. The SMA FSY produced with the highest spinning drum speed and 60-40 core-sheath ratio gave a higher tensile strength as well as the actuating performance. The production of this functional yarn still need further investigations with relation to other properties such as electrical properties. 3a.
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